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Abstract 
The dill variety ‘Superdukat’ stems and leaves grown in the test fields of the Latvia University of Agriculture were 
harvested in July 2010 and dried by eight microwave vacuum drying programmes at various vacuum, drum rotation 
speed and specific energy. Volatiles from fresh dill leaves and fresh and dried dill stems were isolated using solid 
phase micro extraction with DVB/Car/PDMS fibre and analysed by gas chromatography-mass spectrometry. The 
main aroma compounds of dill leaves are Į-phellandrene, dill ether and these results are comparable with those found 
in literature. In stems a lower concentration of Į-phellandrene but a higher percentage of dill ether was detected. Used 
microwave vacuum drying programme showed the significant influence to the GC total and individual peak areas of 
aroma compounds. Deviation square sum was calculated to compare the percentage composition of fresh dill and 
stems versus dried dill stems. The volatile compounds content in dried dill stems obtained using programme 4 is the 
most similar to the composition of fresh dill leaves and stems, whereas the least similar –dried using programme 3. 
The highest content of dill stems volatile compounds in samples dried with programme 8 was detected. 
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1. Introduction 
Dill (Anethum graveolens L.) is annual herb of Apiaceae family. Leaves, stems and fruits of dill are 
used for food, because of their typical taste and aroma. Terpenes are the most abundant volatiles detected 
in dill [1]. Į-phellandrene, the main constituent of dill aroma greatly contributes to the sensory impression 
of dill herb [2]. Fresh dill aroma is formed from synergistic relationship contributed primarily by Į-
phellandrene with a modifying effect from dill ether [3]. Dill seed essential oil has a relatively narrow 
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chemical profile and consists of approximately equal volumes of carvone and limonene, which together 
accounts for 97.5% of the compounds identified [1].  
Dill stems form a significant part of dill biomass and could be used for pickles, soups and sauces. 
Drying is efficient method that increases the shelf life of the product by slowing the growth of 
microorganisms and preventing biochemical reactions that may influence sensory properties [4]. 
Dehydration of herbs can be performed using different methods. Microwave drying is an efficient method 
for rapid dehydration and is used for aromatic plants such as dill leaves [5,6], parsley [6], rosemary [7] 
etc.  
The literature data show that the influence of microwave vacuum drying to the aroma of final product 
depends on sample matrix. During microwave vacuum drying loss of oregano volatiles were less 
compared to those in conventional drying [8], whereas opposite tendency for rosemary was observed [9].  
The aim of the current research was to evaluate aroma composition of microwave vacuum dried dill 
stems. 
2. Materials & Methods 
2.1.Plant material.  
Dill variety ‘Superdukat’ was grown in the test fields of the Latvia University of Agriculture and 
harvested at the height of 30– 35 cm. Dills were sown in July 2010. After harvest dills were washed and 
separated in two fractions: leaves and stems. Dill leaves and stems were cut in slices 0.4±0.1 cm and  
0.7±0.1 cm, respectively. 
2.2.Drying conditions. 
For dehydration of dill stems different specific microwave energy at various pressures (Table 1) was 
applied in a microwave-vacuum drier „Ɇusson-1” (ɈɈɈ „Ingredient”, St. Petersburg, Russia).  
Table 1. Characterization of dill stems microwave vacuum drying programmes 
Progr. 
No.
Number of 
magnetrons 
Pressure, kPa 
Drum rotation 
speed, min-1
Drying time, min : 
sec
Product load, 
kg 
1 4 7.47-9.33 6 12:30 1 
2 3 7.47-9.33 6 17:30 1 
3 2 7.47-9.33 6 27:30 1 
4 4-3-2* 7.47-9.33 6 17:45 1 
5 4-3-2 13.3-22.67 6 17:45 1 
6 4-0-4-0-3-0-2** 7.47-9.33 
2.66-5.32 
6 32:45 1 
7 4-0-4-0-3-0-2** 7.47-9.33 
2.66-5.32 
6 47:45 1 
8 4-3-2* 7.47-9.33 4 50:30 3 
* - programme is designed with gradual reduction of number of used magnetrons 
** - 0 marks the period with no microwave energy supply and reduced pressure. 
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2.3.Detection and identification of volatile aroma compounds 
Volatiles from fresh and dried dill stems were extracted using solid phase microextraction (SPME). 
0.5 g of sample were weighed in a 20 ml headspace vial and capped with a septum. For SPME extraction  
a divinylbenzene/Carboxen/ polydimethylsiloxane (DVB/Car/PDMS) fiber (Supelco Inc., Bellefonte, PA, 
USA) was used. SPME parameters were: incubation time 30 min, extraction temperature 22±1 °C, 
extraction duration 30 min, desorption 15 min, 250 °C. For the analysis of the SPME extracts, a Perkin 
Elmer Clarus 500 GC/MS and an Elite-Wax ETR column (60 m x 0.25 mm i.d.; DF 0.25 ȝm) was used. 
Working conditions were: injector 250 °C; transfer line to MSD 260 °C; oven temperature start 40 °C, 
hold 10 min, programmed from 40 to 60 °C at 2 °C min-1, and from 60 to 250 °C at 20 °C min-1, hold 5 
min; carrier gas (He) 1 ml min-1; split ratio 2:1; ionization EI+ mode; acquisition parameters in full scan 
mode: scanned  m/z 40-400. 
Compounds were identified by comparison of their mass spectra with mass spectral libraries (Nist98), 
and by calculation of linear retention indexes and comparison with literature data. All analyses were 
performed in triplicate. Compounds in the tables are shown in the order of the retention time. As a 
quantitative measure, the share in the total GC peak area for each compound is given. 
2.4.Statistical evaluation 
Statistical tests were performed using SPSS (v. 16.0). Significance of the influence of different 
heating conditions to peak area of aroma compounds was determined by one-way ANOVA, followed by 
Tukey’s multiple comparison test at a significance level of 0.05. A coefficient K was calculated using the 
least-squares method to compare the relative amounts of volatiles in fresh dill leaves and stems versus 
dried stems. 
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where  
Ah, Bh, , Xh – percentage of volatile compounds A, B etc. in the headspace of fresh dill leaves and stems,  
Ao, Bo, Co, Xo – percentage of volatile compounds A, B, C etc. in the headspace of dried dill stems. Thus, 
the smaller the coefficient K, the greater the similarity of fresh dill leaves/stems and dried dill stems.  
All experiments were made in triplicate  
3. Results & Discussion 
The main aroma compounds of dill leaves are Į-phellandrene and dill ether (Fig.1.) and these results 
are comparable with those found in literature [10; 2]. Composition of fresh dill steams differ from dill 
leaves. In stems lower concentration of Į-phellandrene but higher percentage of dill ether was detected. 
Both mentioned compounds Į-phellandrene and dill ether gives typical dill flavour [3]. Fresh dill stems 
contain more ȕ-phellandrene that gives minty aroma [11]. Content of limonene in dill stems is lower than 
in leaves and its aroma in literature is described as lemon and mint [12].  
 
Fig. 1. Composition of volatile aroma forming compounds identified in fresh dill leaves and stems 
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The highest total peak area of identified aroma compounds of dried dill stems was established in 
samples dried using programmes 8, 7 and 1 (Fig.2.). Drying of stems using programmes 8 and 7 took 47 
min 45 s and 50 min 30 s, respectively and these results showed that drying duration is not critical for 
losses of aroma compounds, this data agree well with data published about rosemary [7].  
Whereas, decrease in specific microwave power intensity supplied results in increase of drying 
duration, and decrease of total aroma compound peak area (programmes 1-3). Programmes 4 and 5 differ 
from each other by used vacuum, and higher content of volatiles was detected in samples dried using 
lower pressure (programme 4). Drying of rosemary showed that the higher the vacuum intensity in the 
drying system for a specific microwave power and the higher the power intensity, the lower the 
concentration of volatiles [7]. Results showed that the higher product load and slower drum rotation speed 
resulted in a higher content of volatiles (programmes 4 and 8). There are different factors that can affect 
the loss of volatile compounds during the drying process, for instance, the temperature reached, the 
interaction among volatiles and water vapour, the hydrophobic nature of volatiles etc. [8]. Relative peak 
area of Į-phellandrene and dill ether in studied samples also differed depending on drying method.  
 
 
Fig. 2. Relative peak area of identified compounds  
Specific energy of microwaves at various pressures influenced content of individual compounds  
(Table 2.). As the main aroma compound of all dried dill stems Į-phellandrene was identified. The 
content of dill ether in dried samples is significantly lower (5.35-15.92%) than in fresh dill stems 
(39.73%). Dried dill stems contains more of p-cymene than fresh ones. Also after drying of rosemary 
relative percentage of monoterpenes significantly increased [7]. 
 
The composition of dried dill stems is affected by the conditions of microwave vacuum drying, so it 
is important to determine which method results in dill stems having a composition more similar to that of 
fresh dill leaves and stems. Deviation square sum was calculated to compare the percentage composition 
of fresh dill stems and dried stems and also between fresh dill leaves and dried stems (Table 3.). If the 
volatile compound percentage composition for fresh and dried dill is the same, then deviation square sum 
is 0. Thus, the smaller the coefficient, the greater the similarity of the fresh dill stems and leaves with the 
dried herbs. 
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Table 2. Volatile aroma compounds (%) as measured by SPME-GC-MS in microwave vacuum dried dill stems 
Drying programme 
Compounds 1 2 3 4 5 6 7 8 
Į-phellandrene 28.60 43.95 29.15 49.47 48.42 41.62 49.28 57.10 
Limonene 4.38 4.17 3.54 3.53 3.50 3.36 3.50 3.95 
ȕ- phellandrene 9.41 10.33 8.16 9.89 9.38 8.32 9.07 10.67 
p-cymene 25.96 17.66 28.02 14.52 20.66 19.96 15.90 11.45 
Dill ether 5.73 6.12 5.35 15.92 7.17 9.53 11.99 8.67 
         
Sabynilacetate 4.34 2.74 3.71 1.93 2.49 2.85 2.16 1.82 
Preventol D 2 9.60 3.60 11.23 1.09 2.96 7.24 2.64 3.20 
Unidentified 3.44 2.04 3.06 1.39 2.11 2.57 2.90 1.25 
Thymol 1.46 0.88 1.52 0.79 1.10 1.19 1.03 0.57 
Unidentified 4.26 7.29 3.79 0.79 0.93 1.75 0.87 0.81 
 
Table 3. Calculated coefficient K (sum of squared deviations) between fresh dill leaves/dried dill stems and fresh stems/dried dill 
stems 
Progr. No 
Dried stem / 
fresh stems 
Dried stem /  
fresh leaves/  
1 1289 1156 
2 1146 911 
3 1310 1158 
4 659 472 
5 1135 866 
6 924 716 
7 860 626 
8 1257 949 
 
The volatile compounds content of dried dill stems using programme 4 is the most similar to the 
composition of fresh dill leaves and stems, whereas the least similar in the samples dried using 
programme 3.  
4. Conclusion 
The highest content of dill stems volatile compounds was detected in the samples dried using programme 
with gradual decrease of specific microwave power suplly , whereas the most similar composition of the 
volatile compounds to fresh dill leaves and stems was identified in samples dried by the programme with 
gradual decrease of specific microwave power suplly and reduced load. 
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